Simultaneous analysis of 20 marker components (gallic acid, cimifugin, geniposide, paeoniflorin, ferulic acid, nodakenin, narirutin, naringin, neohesperidin, arctiin, baicalin, oxypeucedanin hydrate, wogonoside, baicalein, arctigenin, glycyrrhizin, wogonin, pulegone, decursin, and decursinol angelate) for quality assessment of the traditional herbal formula, Hyeonggaeyeongyo-tang (HYT) was carried out by using high-performance liquid chromatography (HPLC) with photodiode array detection (PDA) and liquid chromatography-mass spectrometry with tandem mass spectrometry (LC-MS/MS). The coefficient of determination showed excellent linearity of more than 0.9999 for all analytes. The recovery of 20 marker components was 93.92 to 102.66% with relative standard deviation (RSD) < 3.00% and RSD value of precision was 3.44%. The amounts of 20 marker components using HPLC-PDA and LC-MS/MS were determined to be 0.18-14.60 and 0.01-1.76 mg/freeze-dried g, respectively. Ó 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Generally, herbal medicines or herbal medicine prescriptions, which consist of two or more herbal medicines, contain many bioactive ingredients that can be effective in various diseases. Despite the increasing interest in herbal medicine prescriptions around the world, many quality assessment methods are still inadequate. Standardization is necessary to ensure constant efficacy and to assess the scientific evidence of today's herbs or formulations. Hyeonggaeyeongyo-tang (HYT), also known as Jing Jie Lian Qiao Tang in Chinese and Keigai-rengyo-to in Japanese, consists of 13 medicinal herbs, Schizonepetae Spica, Forsythiae Fructus, Saposhnikoviae Radix, Angelicae Gigantis Radix, Cnidii Rhizoma, Bupleuri Radix, Aurantii Fructus Immaturus, Scutellariae Radix, Angelicae Dahuricae Radix, Platycodonis Radix, Paeoniae Radix, Gardeniae Fructus, and Glycyrrhizae Radix et Rhizoma, in a 1.4:1.4:1.4:1.4:1.4:1.4:1.4:1.4:1.4:1.4:1.4:1.4:1.0 ratio based on dry weight (Heo, 2007) . HYT has been recorded in the Joseon Dynasty's Dongeuibogam since it was first recorded in Wanbinghuichun in the Mying Dynasty (Heo, 2007; Park and Hong, 2012) . It has various reported biological effects on, for example, allergic rhinitis, as well as antioxidant, anti-inflammatory, and antimicrobial properties (Oh et al., 2003; Park et al., 2011; Park and Hong, 2012; Hong et al., 2014; Kim et al., 2016) . The main components of each of the individual herbs forming HYT are: monoterpenoids (e.g., pulegone) from Schizonepetae Spica (Chun et al., 2010) , lignans (e.g., arctigenin) from Forsythiae Fructus (Kang et al., 2008) , flavonoids (e.g., cimifugin) and polyphenols (e.g., prim-O-glucosylcimifugin) from Saposhnikoviae Radix , coumarins (e.g., nodakenin, decursin, and decursinol angelate) from Angelicae Gigantis (Ahn et al., 2008) , phenylpropanoids (e.g., ferulic acid) from Cnidii Rhizoma (Lu et al., 2005) , triterpenoids (e.g., saikosaponin A) from Bupleuri Radix (Han and Lee, 1985) , flavonoids (e.g., narirutin, naringin, and neohesperidin) from Aurantii Fructus Immaturus (Wang et al., 2010) , flavonoids (e.g., baicalin and wogonoside) from Scutellariae Radix (Tong et al., 2012) , coumarins (e.g., imperatorin and oxypeucedanin) from Angelicae Dahuricae Radix (Youn et al., 2010) , triterpenoids (e.g., platycodin D) from Platycodonis Radix (Ha and Kim, 2009 ), monoterpenoids (e.g., paeoniflorin) and phenols (e.g., gallic acid) from Paeoniae Radix (Xu et al., 2009) , iridoids (e.g., geniposide) from Gardeniae Fructus (Lee et al., 2014) , and triterpenoids (e.g., glycyrrhizin) and flavonoids (e.g., liquiritin apioside and liquiritin) from Glycyrrhizae Radix et Rhizoma (Wu et al., 2013) . Recently, Matsumoto et al. (2018) reported a pharmacokinetic study of the bioactive flavonoids (apigenin, baicaein, genistein, hesperetin, liquiritigenin, luteolin, nagrigenin, and wogonin) of HYT that showed antibacterial effects on Staphylococcus aureus based on analysis by liquid chromatography-mass spectrometry with tandem mass spectrometry (LC-MS/MS). However, this study alone did not provide sufficient data for standardization of the traditional herbal formula, HYT. Therefore, we conducted simultaneous determination of 20 marker components for quality control of HYT based on analysis by high-performance liquid chromatography with photodiode array detection (HPLC-PDA) and by LC-MS/MS; the compounds examined were pulegone (Schizonepetae Spica), arctiin and arctigenin (Forsythiae Fructus), cimifugin (Saposhnikoviae Radix), nodakenin, decursin, and decursinol angelate (Angelicae Gigantis), ferulic acid (Cnidii Rhizoma), narirutin, naringin, and neohesperidin (Aurantii Fructus Immaturus), baicalin, baicalein, wogonin, and wogonoside (Scutellariae Radix), oxypeucedanin hydrate (Angelicae Dahuricae Radix), gallic acid and paeoniflorin (Paeoniae Radix), geniposide (Gardeniae Fructus), and glycyrrhizin (Glycyrrhizae Radix et Rhizoma).
Materials and methods

Plant materials
The 13 raw medicinal herbs constituting HYT (Table 1) were purchased from Kwangmyungdang Medicinal Herbs (KMH, Ulsan, Korea) in November 2017. The origin of each herb was confirmed by Dr. Seung-Yeol Oh, president of KMH, based on ''The Dispensatory on the Visual and Organoleptic Examination of Herbal Medicine" (Lee, 2013) . Voucher specimens (2017KE60-1 to 2017KE60-13) have been deposited at the Herbal Medicine Research Division, Korea Institute of Oriental Medicine.
Chemicals and reagents
The reference standard components, gallic acid (97.5-102.5%), naringin (95.0%), and baicalein (98.0%) were purchased from Merck KGaA (Darmstadt, Germany); cimifugin (98.0%), nodakenin (99.5%), oxypeucedanin hydrate (98.0%), and wogonin (98.9%) were purchased from ChemFaces Biochemical Co., Ltd. (Wuhan, China); narirutin (99.5%), glycyrrhizin (99.1%), and pulegone (99.3%) were purchased from Biopurify Phytochemicals (Chengdu, China); geniposide (!98.0%) and baicalin (98.0%) were purchased from Wako Chemicals (Osaka, Japan); paeoniflorin (99.4%), ferulic acid (98.0%), neohesperidin (98.4%), arctiin (98.1%), wogonoside (98.9%), and arctigenin (99.4%) were purchased from Shanghai Sunny Biotech (Shanghai, China); and decursin (98.0%) and decursinol angelate (98.0%) were purchased from NPC Bio Technology (Yeongi, Korea). The chemical structures of these reference compounds are shown Fig. 1 . HPLC-grade solvents (methanol, acetonitrile, and water) and ACS reagent-grade formic acid (!98.0%) for test solution preparation and simultaneous analysis were purchased from J. T. Baker (Phillipsburg, NJ, USA) and Merck KGaA (Darmstadt, Germany), respectively.
Preparation of HYT water extract
The 13 crude herbs, Schizonepetae Spica, Forsythiae Fructus, Saposhnikoviae Radix, Angelicae Gigantis Radix, Cnidii Rhizoma, Bupleuri Radix, Aurantii Fructus Immaturus, Scutellariae Radix, Angelicae Dahuricae Radix, Platycodonis Radix, Paeoniae Radix, Gardeniae Fructus (393.24 g each), and Glycyrrhizae Radix et Rhizoma (281.12 g) constituting HYT were mixed and extracted in water for 2 h at 100°C under pressure (98 kPa) using an electric extractor (COSMOS-660; Kyungseo Machine Co., Incheon, Korea). The extracted solution was filtered and freeze-dried to give a powder sample. The amount of extracted HYT was 1296.4 g (25.9%).
Preparation of samples and standard solutions
To simultaneously analyse the 20 biomarker components ( Fig. 1 ) in HYT extract, 100.0 mg of freeze-dried HYT sample was added to a 10 mL volumetric flask and 70% methanol was added. Ultrasonic extraction was then performed for 60 min at room temperature with a Branson 8510 ultrasonicator (Denbury, CT, USA).
After extraction, the solution was filtered through a 0.2 lm GHP membrane filter (PALL Life Sciences, Ann Arbor, MI, USA) before HPLC injection. Standard solutions of the 20 reference standard analytes were prepared at a concentration of 1000.0 lg/mL using methanol, and each prepared stock solution was stored in a refrigerator until use.
2.5. HPLC-PDA equipment and conditions used for analysis of the 20 marker components
The HPLC system used for simultaneous analysis of the 20 biomarker constituents in HYT was a Shimadzu Prominence LC-20A series HPLC system (Kyoto, Japan) with a two pumps (LC-20AT), Samples were maintained at 5°C. MS detection was conducted with a positive and negative ion ESI-MS/MS in the multiple reaction monitoring (MRM) mode. The optimized analytical parameters, collision energy, cone voltage, and transition, for MS/MS MRM analysis are summarized in Table 1S . Other MS parameters were as follows: capillary voltage, 1.2 kV; source temperature, 150°C; desolvation temperature, 450°C; desolvation gas flow, 800 L/h; and cone gas flow, 50 L/h. All data were acquired and processed with Waters MassLynx software version 4.2 (Milford).
Analytical method validation
The analytical method was validated with respect to linearity, limit of detection (LOD), limit of quantification (LOQ), accuracy, intraday and interday precision, and repeatability according to the International Conference on Harmonisation (ICH) guidance for Q2B validation of analytical procedures (International Conference on Harmonisation, 1996) . Namely, linearity was evaluated by the coefficient of determination (r 2 ) of the calibration curve in the tested linear range of each compound. LOD and LOQ values were calculated as LOD = 3.3 Â r/S and LOQ = 10 Â r/S, based on the standard deviation of the y-intercept in each calibration curve (r) and the slope of the calibration curve (S). Accuracy, tested as percentage recovery, was determined by using the standard addition method and calculated as Recovery (%) = (founded concentration -original concentration) / spiked concentration Â 100. Intraday precision was determined by analyzing a single sample five times within a day and interday precision was determined by measuring the sample on three consecutive days. Repeatability was measured six times using a standard solution. These parameters, intraday and interday precision, and repeatability, were evaluated by calculating the relative standard deviation (RSD) and calculated by the following equation. RSD (%) = standard deviation (SD) / mean Â 100. To assess the effectiveness of the HPLC analytical method, the system suitability parameters capacity factor (k 0 ), selectivity factor (a), resolution (Rs), number of theoretical plates (N), and tailing factor (Tf) were calculated (Center for Drug Evaluation and Research, 1994) . 
Results and discussion
Optimization of chromatographic conditions
A range of HPLC analysis conditions including column types (e.g., SunFire C 18 , Gemini C 18 , Capcellpak UG120 C 18 , and OptimaPak C 18 columns), column temperatures (e.g., 30, 35, 40, and 45°C) , and mobile phases (e.g., formic acid with distilled water and acetonitrile) were applied to separate the 20 marker compounds (Fig. 1) from a standard solution of HYT, and the separation efficiency of the conditions were assessed. Optimum HPLC analytical conditions were established in which all 20 marker components were efficiently separated with a resolution greater than 1.5 within 60 min using a SunFire C 18 column (250 mm Â 4.6 mm, 5 lm), a column temperature of 40°C, and mobile phase system of distilled water-acetonitrile, both containing formic acid, as described in Section 2.5. 
Method validation
HPLC analysis
System suitability parameters were calculated to characterize the assay for the analysis of the 20 marker components of HYT.
The parameters k 0 , a, N, Rs, and Tf of the 20 marker components in the established HPLC analytical method were 1. 20-18.37, 1.01-3.47, 2124.64-263946.70, 1.59-33.70 , and 1.00-1.20, respectively (Table 2S ). All calibration data, namely, the calibration equation, range, r 2 , LOD, and LOQ are presented in Table 4 and the data showed good linearity with r 2 ! 0.9999 over the tested concentration range. The LOD and LOQ values of all marker compounds were determined in the concentration range 0.09-0.69 lg/mL and 0.28-2.09 lg/mL, respectively ( Table 2 ). The recovery measured for of all marker components at three concentration levels ranged from 93.92 to 102.66%, and RSD values were (VII) (VIII) (IX) (X) (XI) Fig. 2 (continued) below 3.00% (Table 3) . Furthermore, as shown in Table 4 , good RSD values of 3.44% were measured for the intraday, interday, and repeatability measurements that established the precision. These results demonstrate that the optimized HPLC analytical method is suitable for simultaneous determination of the 20 marker components in HYT.
LC-MS/MS analysis
As shown in Table 1S and Fig. 1S , six components, gallic acid, geniposide, paeoniflorin, narirutin, naringin, and glycyrrhizin, were detected in the negative ion mode [M À H] À at m/z 169. 30, 387.34, 479.17, 579.26, 579.45, and 821.56, respectively, whereas thirteen analytes, ferulic acid, cimifugin, nodakenin, neohesperidin, baicalin, oxypeucedanin hydrate, wogonoside, baicalein, arctigenin, wogonin, pulegone, decursin , and decursinol angelate, were detected in the positive ion mode [M + H] + at m/z 195. 04, 307.19, 409.19, 611.26, 447.25, 305.23, 461.15, 271.17, 373.22, 285.14, 153.30, 329.19, and 329.19, respectively. Arctiin was detected at m/z 557.22 in the form of [M + Na] + in positive ion mode. The calibration curves of all the analytes had a coefficient of determination of more than 0.99, thus showing good linearity within the tested concentration range. The LOD and LOQ values of these compounds were calculated to be 0.09-0.69 lg/mL and 0.28-2.09 lg/ mL based on signal-to-noise ratios of 3.3 and 10, respectively. The analytical parameters, calibration curve data, LOD, and LOQ, for quantitative analysis of each component are summarized in Table 3S .
Simultaneous determination of the 20 marker components in HYT samples by using HPLC-PDA
The established analytical method using HPLC-PDA was successfully applied for the simultaneous quantification of the 20 marker analytes (Fig. 1) for quality assessment of HYT samples. Samples were measured in triplicate for each batch. The origin of the peak corresponding to each analytic component was confirmed by comparing the UV spectrum and the retention time with those of the reference standard. Representative HPLC-PDA chromatograms of standard solutions and a HYT sample are shown in Fig. 2 ; all analytes eluted within 60 min. The assays revealed that the 20 marker analytes were found in the samples at 0.18-14.60 mg/freeze-dried g ( Table 5 ).
Simultaneous determination of the 20 marker components in HYT samples using LC-MS/MS
The 20 marker components in HYT were analyzed and quantified using the optimized LC-MS/MS assays. Quantification of all analytes was conducted by using the MRM method in both positive and negative ion modes. The 20 components, gallic acid, geniposide, paeoniflorin, ferulic acid, cimifugin, nodakenin, narirutin, naringin, neohesperidin, arctiin, baicalin, oxypeucedanin hydrate, wogonoside, baicalein, arctigenin, glycyrrhizin, wogonin, pulegone, decursin, and decursinol angelate, were detected at 1. 04, 3.59, 4.22, 4.65, 5.02, 5.03, 5.12, 5.30, 5.61, 5.78, 6.45, 6.58, 6.68, 7.84, 8.10, 8.19, 8.72, 9.38, 9.91, and 9 .96 min, respectively (Fig. 3) , and the amounts of these analytes in the samples were determined to be 0.01-1.76 mg/lyophilized g (Table 6 ).
Conclusion
We have described the first quantitative analysis of 20 marker components of the oriental herbal prescription HYT by using a simple and convenient HPLC-PDA method and a more sensitive and selective LC-MS/MS MRM method. As a result of the analysis of all the marker analytes under the optimized analytical conditions, baicalin, the main ingredient of Scutellariae Radix, was found to be most abundant at 14.60 and 1.76 mg/freeze-dried g based on the HPLC-PDA method and LC-MS/MS method, respec- Table 5 Amounts of the 20 marker components in the HYT using HPLC-PDA (n = 3).
Compound
Batch No. tively. These HPLC-PDA and LC-MS methods are expected to be effective for quality evaluation of HYT and other related herbal formulas. Table 6 The amount of 20 marker components in the HYT using LC-MS/MS (n = 3).
Amount ( 
